A previous large-scale replication study validation of a genome wide association study (GWAS) identified IκB kinase β (IKBKB) single nucleotide polymorphisms (SNPs) as a risk factor associated with systemic lupus erythematosus (SLE) in a Chinese Han population. IKBKB SNPs were associated with polymerase β (POLB) SNPs and reduced POLB expression, and this was proposed to be an underlying cause of human SLE development. In the current case-control study, we evaluated IKBKB (rs12676482 and rs2272733) and POLB (rs3136717 and rs3136744) SNPs in 946 SLE patients and 961 healthy controls. We investigated the possible association of these four SNPs with SLE in a Chinese Han population using the polymerase chain reaction-ligation detection reaction (PCR-LDR) technique. The differences in the frequencies of the four SNP alleles and the genotypes and haplotypes of the POLB polymorphisms were statistically insignificant when the SLE patients were compared with the controls in the Chinese Han population enrolled in this study (all, p > 0.05). Furthermore, no associations were detected using different genetic models (additive, dominant, and recessive; all, p > 0.05). Our findings indicate that the IKBKB (rs12676482 and rs2272733) and POLB (rs3136717, rs3136744) SNPs confer no genetic predisposition to SLE risk in this Chinese Han population.
Introduction
Systemic lupus erythematosus (SLE) is a chronic systemic autoimmune disease that causes the immune system to attack healthy tissues and organs through the production of a diverse array of autoantibodies, complement activation and immune complex formation [1] . SLE prevalence ranges from 0.031% to 0.07% in China and from 0.007% to 0.071% in Europe [2, 3] . SLE affects more women than men (a ratio of 9:1, female to male), especially during the childbearing years [4] . Although the etiology and pathogenesis of SLE remain unknown, it is possible that environmental and epigenetic factors contribute to SLE [5] . SLE frequently develops in people with a family history of the disease, and a number of likely candidate genes have been investigated. For instance, the HLA class I, II and III genes have been associated with SLE development [6] . Additionally, the X chromosome carries immunological related genes, and, thus, it is possible that X chromosome mutations could contribute to SLE onset. However, no single causal gene has yet been conclusively identified. Thus, further investigation of SLE genetic susceptibility could provide a better understanding of SLE pathogenesis and help identify novel strategies for effective control of this chronic autoimmune disease.
IκB kinase β (IKBKB) encodes IKK-β protein, a cytokine-activated intracellular immune response signaling component that acts via activation of the canonical NF-κB signaling pathway. The rs12676482 SNP was recently localized in IKBKB, and identified and significantly associated with SLE in a large-scale replication study based on a genome wide association study (GWAS) of a Chinese Han population [7] . Notably, rs12676482 is in perfect linkage disequilibrium with rs2272733 (r 2 = 1), which is highly associated with decreased POLB expression [8] .
Environmental factors may induce DNA damage, and this damage is normally recognized and repaired by complex mechanisms in cells [9, 10] . However, recent studies have reported that DNA repair pathway genes may not work properly in SLE patients [11, 12] . Therefore, DNA damage may induce the immune system to attack and induce the apoptosis of the affected cells and tissues. Indeed, SNPs in DNA repair genes have been associated with a predisposition to develop the autoantibodies and clinical manifestations of SLE [13, 14] .
POLB, which was localized to chromosome 8p11.2, encodes a DNA polymerase (Pol-β) that is involved in the repair of single-strand breaks as a part of the base excision and repair (BER) pathway [15] . In one recent study, a POLB Y265C/C mouse model developed an autoimmune pathology that strongly resembled SLE [16] . The POLB Y265C/C mice exhibited symptoms that included dermatitis, antinuclear antibodies (ANAs) and glomerular nephritis. The study proposed that decreased Pol-β activity during the generation of immune diversity led to lupus-like disease in mice, and suggested that decreased Pol-β expression in humans may be an underlying cause of SLE [16] . After examining the HapMap Phase II CHB data (Hapmap Data Rel 27 PhaseII + III, Feb 111 09, on NCBI 36 assembly, dbSNP126) (http://hapmap.ncbi.nlm.nih.gov/ ), we located two tag SNPs in the POLB region. Other DNA repair gene SNPs may predispose individuals to the development of particular clinical and laboratory features. One study reported that serine/threonine kinase 17A (STK17A), another DNA repair-related gene, was associated with SLE susceptibility [17] . TREX1 polymorphisms have been negatively associated with autoantibodies in SLE [18] . The XRCC1 Arg399Gln polymorphism was significantly associated with the presence of anti-dsDNA antibody [19] . Because SLE patients may have deficient DNA repair, and because POLB is involved in DNA damage repair, we hypothesized that the POLB gene may be a candidate SLE susceptibility gene and analyzed its association with SLE. Therefore, we conducted a case-control study examining the potential associations of IKBKB (rs12676482 and rs2272733) and POLB (rs3136717 and rs3136744) with SLE risk in a Chinese Han population.
Methods

Study population
We recruited 946 SLE patients and 961 healthy controls from the Rheumatology Department of Beijing Union Medical College Hospital (Beijing, China). All patients met the 1997 American College of Rheumatology (ACR) classification criteria for SLE [20] . All patients and controls were unrelated individuals of Chinese Han ethnicity. This study was approved by the Ethics Committee of the Beijing Union Medical College Hospital. All participants signed a written informed consent form.
SNP selection, DNA extraction and genotyping
The four SNPs selected for this study were selected based on findings reported by previous studies and a lupus-prone mouse study [16] . Specifically, the IKBKB (rs12676482 and rs2272733) and POLB (rs3136717 and rs3136744) SNPs Genomic DNA was extracted from 2 mL ethylenediaminetetraacetic acid (EDTA) anticoagulated peripheral blood samples using DNA isolation kits (Bioteke, Beijing, China) according to the manufacturer's instructions and stored at -80°C until use. SNP genotyping was conducted using the polymerase chain reaction-ligation detection reaction (PCR-LDR) method [21, 22] with technical support from Biowing Applied Biotechnology Company (Shanghai, China). Target DNA sequences were amplified using a multiplex PCR method, and the probe and primer sequences used for POLB and IKBKB detection are shown in S1 and S2 Tables. The  ligation reaction 
Statistical analysis
Each SNP was assessed in the patient and control populations for departure from Hardy-Weinberg equilibrium (HWE) using the Chi-square (χ 2 ) test. SNPs that deviated from HWE (p < 0.05) were excluded from further analysis. The age distribution between the case and control groups was assessed with the Mann-Whitney U test. The χ 2 test was used to compare the allele and genotype frequencies between the case and control groups using PLINKv1.07 (http://pngu. mgh.harvard.edu/Bpurcell/plink/). Haplotype analysis was carried out using Haploview software v4.2 (http://www.broadinstitute.org/haploview). Odds ratio (OR) was calculated with exact confidence intervals (CI) of 95%, and a p value < 0.05 was considered statistically significant. Three logistic regression models (additive, dominant and recessive) were used to analyze SNPs.
Results
Characterization of study population SLE patients presented with a variety of different blood autoantibodies, including anti-nuclear antibodies (ANA), anti-SSA/B, anti-Sm, anti-RNP and anti-dsDNA. These autoantibodies were assessed using indirect immunofluorescence or double immunodiffusion methods. The SLE patients had a mean age of 36.26 ± 12.97 years and consisted of 84 males and 862 females. The healthy control individuals had a mean age of 36.78 ± 10.90 years and consisted of 87 males and 874 females ( Table 1 ). The Mann-Whitney U test showed that the ages were well matched between the case and control groups (p > 0.05). Patients and controls were enrolled from the same geographic location.
Allele and genotype frequencies between cases and controls
The four SNPs selected for this study were evaluated with a call rate more than 99% in all 946 SLE patients and 961 healthy controls. No deviation from Hardy-Weinberg equilibrium was observed in the controls (p > 0.05). The allelic and genotypic frequency of the four SNPs is presented in Table 2 . The data indicate no significant differences between the case and control groups (all, p > 0.05), indicating no significant association between the tested polymorphisms and SLE predisposition. Statistical analysis using multiple logistic regressions in three genetic models also showed no significant difference between the SLE patients and healthy controls (Table 3) . Association between SNPs and SLE phenotypes
Next, we investigated the potential associations of these SNPs with the clinicopathological data of the SLE patients. First, we stratified the patients into eight SLE sub-phenotype groups, including SLE patients who were positive for anti-SSA/B, anti-Sm, anti-RNP, or anti-dsDNA antibodies, or who had low complement levels, nephritis or neurological disorders. We compared positive patients with negative patients, positive patients with all healthy controls and negative patients with all healthy controls. However, we found no associations between the examined SNPs and any of the clinicopathological data from the SLE patients (Table 4 ).
Haplotype analysis of SNPs and SLE
We also performed linkage disequilibrium (LD) analysis to assess whether any POLB or IKBKB haplotype was associated with SLE risk. Three major haplotypes (T-A, C-C and C-A) were resolved from these two SNPs, and their frequencies showed no statistically significant differences when SLE patients were compared with controls (Table 5) .
Discussion
A previous large-scale replication study showed that IKBKB rs12676482 was the susceptibility locus for SLE development in the Chinese Han population [7] . rs12676842 is a SNP in the noncoding region adjacent to POLB that exists in perfect linkage disequilibrium with rs2272733 (r 2 = 1), which is highly associated with reduced POLB expression in human cells [8] . Unfortunately, our current study failed to confirm association of these SNPs with SLE development. The reason for this discrepancy is unclear; however, it might be due to the relatively low power of the sample size for detecting the small effect described in the original report at a significance level of 0.05. Therefore, we re-calculated the sample size based on the MAF of these SNPs (ca. 0.1) and found that 29,579 cases would be needed to obtain sufficient statistical power, suggesting that the current sample size is too small to conclusively associate these SNPs with SLE development. Various ethnic and environmental factors are known to influence SLE susceptibility. The SLE patients in the previous cohort came from central and southern China, and our SLE patients come from central and northern China. Therefore, further study with a larger sample size is needed to verify the association, or lack of association, between the SNPs examined in this study and SLE risk. SLE has a variety of clinical and pathological manifestations. This variety may be an indication that ethnic background plays a substantial role in SLE risk. Genetics and epigenetics are both involved in determining the phenotypes of developing organisms, and further study is needed to better understand the effect of genes with allelic or genetic heterogeneity on disease risk [23] . It is possible that the clinical heterogeneity of SLE and the differences observed between the study population and other Han Chinese samples involve these parallel systems. Epigenetics is the study of transmissible and reversible changes in gene expression that are not [24] [25] [26] . DNA repair protein deficiencies have been investigated in SLE patients [27] [28] [29] [30] . Additionally, the POLB Y265C/C mouse model developed an autoimmune pathology that strongly resembled human SLE, including dermatitis, antinuclear antibodies and glomerular nephritis. It is known that POLB protein maintains genome integrity via DNA base excision repair. Furthermore, POLB deficiency results in cellular hypersensitivity to alkylating agent treatment, which manifests as the induction of apoptosis and chromosomal breaking [31] . Our current investigation of the POLB SNPs showed no association between rs3136717 or rs3136744 and SLE risk.
Although the results were negative, the current study is, to the best of our knowledge, the first to attempt to associate POLB SNPs with SLE risk. During development and disease progression of SLE, various autoantibodies are present in the sera of most SLE patients, including ANA, anti-dsDNA, anti-SSA/B, anti-Sm, and anti-RNP antibodies. These antibodies could serve as diagnostic markers or disease severity indicators and could be used to clinically assess the diverse SLE phenotypes. Our current cohort of SLE patients were diagnosed and assessed using the 1997 American College of Rheumatology (ACR) SLE diagnosis criteria [20] . Among these criteria, autoantibodies (such as anti-Smith, anti-dsDNA, anti-phospholipid or ANA antibodies) are considered to have high sensitivity and specificity [20] . The body's ability to make autoantibodies to chromatin, nucleosomes and DNA may be influenced by individual genetics [18] . Insufficient DNA damage repair may contribute to the immune dysfunction of SLE patients; however, the BER pathway may have a different role in the pathogenesis of autoimmune diseases in the mouse model than in human autoimmune disease. Another possible explanation the results we observed in this study is that rs12676482 may regulate genes other than POLB. POLB is downstream of IKBKB; however, other susceptibility genes and risk factors may affect SLE via the regulation of POLB expression. It is unknown how the POLB rs3136744 SNP predisposes SLE patients to generate particular autoantibodies; therefore, additional studies that are more detailed will be required to determine which molecular mechanisms are controlled by POLB genetic variants.
This study has some inherent limitations that should be considered when interpreting our findings. First, we only assessed two tagged SNPs each for IKBKB and POLB. The results obtained by this study may not completely represent the association between these SNPs and SLE risk and, therefore, the examination of more loci is needed to verify the association of the IKBKB and POLB SNPs with SLE. Second, because of the significant ethnic differences and population heterogeneity of SLE patients worldwide, it remains important to determine whether IKBKB SNPs or POLB SNPs are associated with SLE in multiple populations. In conclusion, this study indicates that IKBKB (rs12676482 and rs2272733) and POLB (rs3136717 and rs3136744) SNPs confer no genetic predisposition for SLE in a Han Chinese population.
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